Postherpetic neuralgia (PHN) is the most common complication of herpes zoster (HZ). The aim of the present study was to compare the nutritional status of PHN patients with that of healthy controls, and then to identify risk factors for PHN using multivariate multiple logistic regressions. In the present cross-sectional study, we prospectively enrolled fifty PHN patients for at least 3 months and fifty healthy controls. We selected nine circulating nutrients including ionised Ca, Zn, retinol, folic acid, vitamin B 12 , vitamin C, a-tocopherol, g-tocopherol and lycopene associated with both immunity and the modulation of neuropathic pain, and measured their concentrations in plasma/serum. Concentrations of ionised Ca, Zn, vitamin C and vitamin B 12 were significantly lower in PHN patients than in controls after excluding those patients receiving supplements since the outbreak of HZ. The prevalence of either mild/marginal or severe deficiencies for any of the nine selected circulating nutrients in PHN patients (92 %) was much higher than that in controls (46 %) (P, 0·001). Lower concentrations of vitamin C (#45·0 mmol/l), ionised Ca (#1·05 mmol/l) and Zn (#0·91 g/l) were found to increase independently the risk of PHN using binary variable (dichotomy) analyses with both PHN patients and controls in a multivariate logistic regression analysis. No significant correlations existed between the risks of PHN and the concentrations of retinol, folic acid, vitamin B 12 , lycopene or a:g-tocopherol ratios. Thus, lower concentrations of circulating nutrients, namely vitamin C, ionised Ca or Zn, are probably a risk factor in Taiwanese patients with PHN.
Postherpetic neuralgia (PHN), a peripheral neuropathic pain syndrome, is the most common complication of herpes zoster (HZ) (1) . PHN can lead to long-term psychological distress, physical disability and tremendous use of health care resources (2) . Therefore, to identify risk factors for PHN and to effectively improve preventive strategies are clinically meaningful. Although old age, female sex, presence of a prodrome, greater acute pain severity, presence of severe rash (3) and immunocompromised patients (1) have been identified as independent predictors of PHN, discovering additional risk factors is still needed to prevent developing PHN with respect to HZ management (3) .
An outbreak of HZ caused by a reactivation of latent varicella zoster virus (VZV) is primarily attributed to a reduction in host cellular immunity (1) . Additionally, two non-mutually exclusive theories of PHN are an alteration in the excitability of central neurons and a chronic active VZV ganglionitis caused by ongoing viral activity in patients developing PHN compared with HZ patients who do not (1, 4) . Thus, reduced cellular immunity plays a critical factor in both zoster risk and the persistence of PHN (1, 4) . Diminished cellular immunity has been advocated to be closely associated with deficiencies of nutrients (5, 6) . A case -control study using a FFQ illustrates a strong dose-response relationship between decreasing vitamin C intake and increasing zoster risk (7) . Our previous study has demonstrated that PHN patients have lower plasma concentrations of vitamin C than healthy controls, and that short-term intravenous administration of megadose vitamin C partially reduces their spontaneous pain effectively but not allodynia in PHN patients (8) . However, a single nutrient is thought to have relatively weak effects on the zoster risk (7) . It is possible that deficiencies in other nutrients, in addition to vitamin C, may also contribute to the zoster risk and PHN. Nutrients including vitamins A, C, E and B 12 and Zn have been shown to manifest a direct antiviral effect (9 -11) , while folic acid (6) , lycopene (12) and Ca (13) have been reported to support immune responses. All these nutrients are also involved in the modulation of neuropathic pain. For instance, prophylactic vitamin C has been recommended in two randomised controlled trials and in an evidence-based guideline for the prevention of complex regional pain syndrome type I, a form of peripheral neuropathic pain syndrome (14 -16) . Hypocalcaemia has been shown to decrease the pain threshold to enhance pain transmission in rats (17) . Folic acid deficiency has been demonstrated in subsequent peripheral neuropathy in human subjects (18) . Nutrient supplements, including vitamin A (19) , vitamin B 12 ( 20) , vitamin E (21) , lycopene (22) and Zn (23) , have been reported to ameliorate neuropathic pain in rats. Furthermore, ascorbate (24) and Zn (25) are Ca(v)3.2 T-channel blockers that have been shown to modulate neuronal excitability and to alleviate neuropathic pain in rats.
To the best of our knowledge, no published studies have examined the plasma/serum status of nutrients in PHN patients. The aim of the present study was to compare plasma/serum concentrations of selected nutrients in PHN patients with those of healthy controls. We selected nine circulating nutrients including ionised Ca, Zn, retinol, folic acid, vitamin B 12 , vitamin C, a-tocopherol, g-tocopherol and lycopene associated with both immunity and the modulation of neuropathic pain, and measured their concentrations in plasma/serum. In addition, we used multivariate multiple logistic regression analyses to analyse the relationship between plasma nutrients and the risk of PHN.
Experimental methods

Study site, subjects and study groups
The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects or patients were approved by the Institutional Ethics Committee of Chi Mei Medical Center, Tainan, Taiwan. Informed consent was obtained from all PHN patients and control volunteers. All subjects had the opportunity to withdraw from the study at any time. To examine the plasma status of nine selected nutrients, we recruited Taiwanese PHN patients visiting the Pain Clinic of Chi Mei Medical Center and healthy volunteers from 2004 to 2005. PHN is defined as the presence of a worst pain score of $3 on an eleven-point numeric rating pain scale at 3 months or longer after zoster rash onset (2) . For each patient, a questionnaire was administered recording age, sex, body height, body weight, medical history, occurrence of poor appetite, irregular meal pattern, occurrence of insomnia, psychological distress, physical disabilities, intensity of average daily pain in the previous 24 h and duration of pain from cutaneous vesicular rash onset to the first visit or referral to our Pain Clinic. The intensity of average daily pain was graded on an eleven-point numeric rating pain scale from 0 to 10 (with 0 being no pain at all and 10 being the worst pain imaginable) (2) . Patients with ratings on the pain scale $3 were included (2) . Control subjects were healthy Taiwanese volunteers from a hospitalbased pool. Those who regularly took vitamins/mineral supplements and who had chronic pain (numeric rating pain scale $3) as well as those who had an infection or an admission history in the previous 6 months were excluded from the control subjects of the present study.
Specimen collection, handling and biochemical determination
After an overnight fast, blood samples drawn from the patients and control subjects into (1) ethylenediaminetetra-acetic acid vacutainers, (2) Li heparin vacutainers and (3) vacutainers containing clot activator and serum separator gel were transported to the laboratory in a light-excluding container and stored for not more than 6 h at 48C before centrifugation. After centrifugation at 3000 g at 48C for 10 min, separated plasma was stored frozen at 2 808C. Plasma concentrations of lipophilic antioxidants including retinol, a-tocopherol, g-tocopherol and lycopene were determined, as described previously (26) . Plasma vitamin C concentration was determined using the automated enzymatic method (8) . Ionised Ca was determined in whole blood by ion-selective electrode using a Bayer Corning 855 (Bayer Co., Pittsburgh, PA, USA). Serum folic acid and vitamin B 12 concentrations were determined by chemiluminescence using a Siemens Centaur (Bayer Co., Pittsburgh, PA, USA). Serum Zn concentration was determined by flame atomic absorption using a PerkinElmer AAnalyst 800 (PerkinElmer Co., Waltham, MA, USA). For each element, a calibration curve was performed using commercial standards.
Statistical analysis
Data processing and statistical analysis were performed using SPSS for Windows, version 10.0.7 (SPSS, Inc., Chicago, IL, USA). Significance was accepted at the 5 % level. Owing to small sample sizes and lack of fit to a normal distribution for most measurements in the present study, data are expressed as means, standard deviations and medians, and were analysed using non-parametric statistics. The Mann-Whitney U test was used to test the differences in age, body height, body weight and plasma/serum concentrations of nine nutrients including ionised Ca, Zn, retinol, folic acid, vitamin B 12 , vitamin C, a-tocopherol, g-tocopherol and lycopene between controls and PHN patients. The x 2 test was used to test the difference in sex between controls and PHN patients. The difference in the number of controls and PHN patients taking supplements irregularly was determined using Fisher's exact test. The difference in the prevalence of nutrient deficiency and the overall significance level of nutrient deficiencies between controls and PHN patients was also determined using Fisher's exact test. The difference in the number of nutrient deficiencies between controls and PHN patients was determined by the Mann-Whitney U test.
OR as estimates of the relative risk of PHN in relation to plasma concentrations of seven nutrients including retinol, vitamin C, vitamin B 12 , folic acid, lycopene, Zn and ionised Ca, and the a:g-tocopherol ratio were calculated using multivariate multiple logistic regression models. Plasma concentrations of the seven nutrients and the a:g-tocopherol ratio were dichotomised into binary variables by the median of both controls and PHN patients. To identify the seven nutrients and the a:g-tocopherol ratio independently predicted to PHN, a multivariate multiple logistic regression model was constructed by forward stepwise procedures and used to estimate adjusted OR and their 95 % CI. We assessed the discrimination using the C-statistic, which is a measure of the area under the curve of the receiver-operating characteristic curve. An area under the curve -receiver-operating characteristic value greater than 0·80 indicates a good discrimination.
Results
A total of fifty Taiwanese healthy controls (twenty-nine men and twenty-one women) and fifty Taiwanese patients (thirty men and twenty women) with PHN were included. Baseline characteristics of the healthy controls and PHN patients are shown in Table 1 . There were no significant differences in sex, age, body heights or body weights between healthy controls and PHN patients.
Plasma nutrient concentrations in healthy controls and postherpetic neuralgia patients
In the present study, we recruited healthy control subjects who either did not take or did not regularly take vitamins/mineral supplements. Of the fifty healthy control subjects, seven (14 %) occasionally took one capsule of a supplement; among these subjects, four took multivitamins containing minerals, one took Ca and two took vitamin E. Of the fifty PHN patients, four (8 %) took one supplement (multivitamins and minerals) irregularly before outbreaks of HZ. There was no statistical difference in numbers between controls and PHN patients taking supplements irregularly (P¼0·16). Table 2 shows that plasma/serum concentrations of ionised Ca, Zn, vitamin C and g-tocopherol were significantly lower in PHN patients than in controls. In contrast, a-tocopherol and vitamin B 12 were significantly higher in PHN patients than in controls. According to their past medical history, 56 % of our patients had been prescribed intravenous or intramuscular vitamin B 12 , and 46 % of them took oral a-tocopherol supplements since outbreaks of HZ. Hence, we excluded those patients receiving either vitamin B 12 or a-tocopherol supplements since outbreaks of HZ. As a result, plasma concentrations of a-tocopherol and g-tocopherol in PHN patients were not significantly different from those in controls, whereas plasma concentrations of vitamin B 12 in PHN patients were significantly lower than those in controls.
The mean concentration of plasma vitamin C in our controls was 76·2 (SD 31·2) mmol/l, which approaches the high level of the normal range (26·1-84·6 mmol/l) (27) , whereas the mean concentration of ionised Ca in whole blood in our controls was 1·10 (SD 0·08) mmol/l lower than the normal range (1·14-1·30 mmol/l) (28) . Mean concentrations of serum Zn and vitamin B 12 in our controls were within the normal ranges (29) and were similar to mean concentrations of healthy elderly Taiwanese (30, 31) . Although the levels of plasma lycopene were not significantly different between controls and PHN patients, the levels in both groups were lower than the normal range (32) . The high prevalence of low lycopene concentrations in both controls and PHN patients was consistent with a previous report that plasma lycopene concentrations in Taiwanese elderly are lower than those in Western society (Table 4) , probably because tomatoes consumed by Taiwanese elderly are usually not processed (33) .
Profiles of tocopherols and a:g-tocopherol ratios
As shown in Table 3 , geometric mean concentrations of a-tocopherol in controls were approximately 10·8-fold, compared with those of g-tocopherol. a:g-Tocopherol ratios in the twenty-seven PHN patients without a-tocopherol NRS, numeric rating pain scale. * The x 2 test was used to test the difference in sex. Statistical differences in age, body height and body weight between the two groups were analysed using the Mann-Whitney U test. † Duration of pain since zoster skin rash onset. ‡ The intensity of average daily pain on an eleven-point numeric rating pain scale in the previous day.
supplements were not significantly different from those in controls (P¼ 0·74). In contrast, geometric mean concentrations of a-tocopherol in twenty-three PHN patients taking a-tocopherol supplements were 51·3-fold, compared with those of g-tocopherol. Moreover, a:g-tocopherol ratios in twenty-three PHN patients taking a-tocopherol supplements were higher than those in controls (P, 0·001). Strikingly, the top three a:g-tocopherol ratios in those PHN patients taking a-tocopherol supplements were greater than 100 (data not shown). These results confirm an interaction between plasma concentrations of a-tocopherol and g-tocopherol, as previous studies have demonstrated that a-tocopherol supplements cause a reduction in g-tocopherol concentration in the plasma (34) .
Nutrient deficiencies in controls and postherpetic neuralgia patients
In Table 4 , two cut-off points for plasma nutrient deficiencies including a severe deficiency and a mild/marginal deficiency are used for ionised Ca (35, 36) , Zn (29, 30) , retinol (37, 38) , a-tocopherol (37) , vitamin C (39) , vitamin B 12 ( 40) and folic acid (41) . As of yet, g-tocopherol and lycopene are not established nutrients, so their deficiency levels have not been established. The concentration ranges of g-tocopherol and lycopene in human plasma were 0·65-2·05 mg/ml (42) and 0·07-1·79 mol/l (32) individually. Thus, less than 1·5 mmol/l (0·65 mg/ml) for g-tocopherol and less than 0·07 mol/l (37·5 mg/l) for lycopene were used as the cut-off points of a mild/marginal deficiency. According to the normal ranges of controls in our laboratory (Table 2) , we used ,1·1 mmol/l (0·47 mg/ml) for g-tocopherol and , 0·05 mmol/l (26·8 mg/l) for lycopene as the cut-off points of a severe deficiency. Percentages of PHN patients with subnormal plasma concentrations were ranked from highest to lowest (Table 4) : Zn, 64 %; vitamin C, 52 %; g-tocopherol, 44 %; ionised Ca, 36 %; lycopene, 30 %; folic acid, 12 %; a-tocopherol, 10 %; vitamin B 12 , 6 %; retinol, 4 %. However, including g-tocopherol in the list of low concentration nutrients in PHN patients was unjustified, because 46 % of our PHN patients took oral a-tocopherol supplements (34) , which can decrease g-tocopherol concentrations in the plasma since outbreaks of HZ. The prevalence of either mild/marginal or severe deficiencies for any of the nine selected circulating nutrients in PHN patients (92 %) was much higher than that of controls (46 %, P,0·001). The average element 2·0 (SD 1·1; median 2) of either mild/marginal or severe deficiencies for any of the nine selected circulating nutrients in PHN patients was significantly higher than that 0·6 (SD 0·7; median 0) of the controls (P, 0·001). Furthermore, the prevalence of either 
* The Mann-Whitney U test was used to test the differences in concentrations of the nine selected circulating nutrients between healthy controls and PHN patients. † Data in this row do not include the twenty-eight PHN patients receiving vitamin B 12 supplements after outbreaks of herpes zoster (HZ). ‡ Data in this row do not include the twenty-three PHN patients taking a-tocopherol supplements after outbreaks of HZ. Table 3 . Profiles of a-tocopherol, g-tocopherol and the a:g-tocopherol ratio in controls and postherpetic neuralgia (PHN) patients* (Mean values, standard deviations and medians) Controls (n 50) PHN, S(2 ) (n 27) PHN, S(þ) (n 23)
mild/marginal or severe deficiencies of any of the three suspected circulating nutrients (vitamin C, ionised Ca or Zn) was 90 % in PHN patients and 22 % in controls (P, 0·001). The average element of either mild/marginal or severe deficiencies for any of the three suspected circulating nutrients in PHN patients was 1·6 (SD 0·8; median 2), compared with that 0·3 (SD 0·5; median 0) of controls (P, 0·001). Not surprisingly, a combination of deficiencies of any two of the three suspected circulating nutrients in the fifty PHN patients was the most predominant pattern with a proportion of 58 % (twenty-nine out of fifty; data not shown).
Relative risks of postherpetic neuralgia associated with plasma concentrations of the seven nutrients and the a:g-tocopherol ratio
Owing to the interaction between plasma concentrations of a-tocopherol and g-tocopherol, we used the a:g-tocopherol ratio (34) as a variable instead of plasma concentrations of a-tocopherol and g-tocopherol in a multivariate multiple logistic regression model. Consequently, the a:g-tocopherol ratio and plasma concentrations of the seven nutrients were dichotomised into binary variables by median based on both controls and PHN patients to identify the risk factors of PHN using a multivariate multiple logistic regression model by forward stepwise procedures. Table 5 indicates that patients with lower concentrations of plasma vitamin C, ionised Ca or serum Zn had significantly higher risks of PHN. There were no significant correlations between the risk of PHN and the concentrations of retinol, lycopene, vitamin B 12 , folic acid or the ratio of a:g-tocopherol.
The value of the C-statistic is 0·93 (95 % CI 0·88, 0·98), indicating a good prediction model.
Discussion
To our knowledge, this is the first case -control study to investigate the plasma status of nutrients in PHN patients and to * The cut-off value is the cut-off point for severe deficiency. The range values are the range for mild -marginal deficiency. † Of the fifty PHN patients, twenty-eight patients received vitamin B 12 supplements after outbreaks of herpes zoster (HZ) whereas the other twenty-two patients did not receive vitamin B 12 supplements after outbreaks of HZ. ‡ Of the fifty PHN patients, twenty-three patients took a-tocopherol supplements after outbreaks of HZ whereas the other twenty-seven patients did not take a-tocopherol supplements after outbreaks of HZ. Table 5 . Postherpetic neuralgia (PHN) estimated using the forward selected logistic regression model* (Adjusted odds ratios and 95 % confidence intervals)
Nutrient binary cut-offs Cases -controls Adjusted OR 95 % CI P
. 0·91 g/l (13·9 mmol/l) 13/36 1·0 # 0·91 37/14 5·42 1·51, 19·50 0·01 * Covariates including ionised Ca, Zn, retinol, folic acid, vitamin B 12 , vitamin C, lycopene and a:g-tocopherol ratio had been considered as candidates for the multivariate model selection.
analyse the association between nutrient status and the risk of PHN. Among the nine selected nutrients, we discovered that concentrations of vitamin C, Zn, ionised Ca and vitamin B 12 in PHN patients were lower than those in the control group after excluding the patients who received vitamin B 12 and a-tocopherol supplements after the outbreaks of HZ. Of the fifty PHN patients, forty-six (92 %) had either mild/ marginal or severe deficiencies in at least one of the nine circulating nutrients (Table 4) . Lower concentrations of vitamin C (# 45·0 mmol/l), ionised Ca (# 1·05 mmol/l) and Zn (#0·91 g/l) were found to increase independently the risk of PHN using binary variable (dichotomy) analyses using both PHN patients and controls in a multivariate logistic regression analysis. Possible causes of nutrient deficiencies include inadequate intake of nutrients, increased requirements of nutrients, malabsorption, utilisation dysfunction or drug-nutrient interactions (43) . The present study was a case-control crosssectional study that does not allow us to determine whether nutrient deficiencies in PHN patients are a cause or a result. Nevertheless, based on the following reasons, we speculate that the nutrient deficiencies in PHN patients may be a preexisting condition and then worsened by the disease process and taking inappropriate supplements such as excessive atocopherol.
We found that 52 % of the PHN patients had a marginal deficiency of plasma vitamin C. In contrast, the mean concentration of vitamin C in our controls was 76·2 (SD 31·2) mmol/l. The Elderly Nutrition and Health Survey in Taiwan from 1999 to 2000 reported that the mean intake of vitamin C in healthy elderly Taiwanese is 148 mg/d derived from 24 h recalls (44) . Male subjects with a daily intake of 150 mg ascorbic acid and female subjects with a daily intake of 80 mg ascorbic acid reach a maximum plasma steady-state level (56·78 mmol/l or 10 mg/l) of ascorbic acid (45) . Not surprisingly, the mean plasma concentration of vitamin C in our controls approached the high level of the normal range (27) . Vitamin C is an essential nutrient for humans, because humans lack the ability to synthesise vitamin C (46) . A community-based casecontrol study using a FFQ attributes people with a higher risk for HZ to a chronic low intake of vitamin C (7) . The present results accorded well with the previous study in a temporal sequence from HZ to PHN to explain nutrient deficiencies in PHN patients as a pre-existing condition. A second reason is that an unexpectedly high prevalence of mild (0·8-1·0 mmol/l) and severe hypocalcaemia (,0·8 mmol/l), i.e. 36 % of the PHN (eighteen out of fifty) patients, was observed. The mean concentration of 1·10 (SD 0·08) mmol/l of ionized Ca in our controls was lower than the normal range (1·14-1·30 mmol/l) (28) , because the Elderly Nutrition and Health Survey in Taiwan from 1999 to 2000 showed that the mean total Ca intake for all elderly participants reaches only 62 -64 % of the dietary reference intakes (44) . Of the eighteen patients with an unexpectedly high prevalence of mild or severe hypocalcaemia, thirteen had been hospitalised due to malignant diseases, haemorrhagic peptic ulcer diseases, severe infective diseases and hyperosmolar hyperglycaemic states. These comorbid conditions, classed as either chronic or frequently recurrent, were commonly associated with inadequate intake of nutrients, increasing requirements of nutrients, malabsorption or utilisation dysfunction. Hence, we speculated that hypocalcaemia in those PHN patients was pre-existing. A third reason is that 64 % of fifty PHN patients in the present study exhibited either a severe Zn deficiency (seven patients) or a mild Zn deficiency (twentyfive patients) (29) . Of these seven patients, five had hypocalcaemia plus a history of hospitalisation. By coincidence, three of these seven patients had a mild deficiency of vitamin C. Zn is an acute-phase reactant, and prolonged low serum Zn level is common after acute viral infection is resolved (9) . In addition, serum Zn levels usually decrease as chronic viral disease progresses (9) . Thus, lower concentrations of Zn in PHN patients may be a pre-existing condition and then worsened by the disease process. A fourth reason is that decreasing food intake in the process of PHN may partly deteriorate the nutrient status in PHN patients. Psychological distress and pain are usually developed in the aftermath of HZ and PHN (2) . As a result, decreasing food intake has been found to be a common sequela of psychological distress and pain (47) and to worsen the nutrient status in PHN patients. These observations support our contention that nutrient deficiencies in PHN patients are a pre-existing condition which are then worsened by the disease process. We also demonstrated that patients with lower concentrations of either plasma vitamin C (# 45·0 mmol/l), ionised Ca (#1·05 mmol/l) or serum Zn (#0·91 g/l) had significantly higher risks of PHN. Nutrients are known to play important roles in both the modulation of neuropathic pain and host resistance to viruses. In evidence-based guidelines, prophylactic vitamin C is recommended for the prevention of a peripheral neuropathic pain syndrome -complex regional pain syndrome type I (14 -16) . Systemic injection of Zn alleviates neuropathic pain in rats (23) . Furthermore, ascorbate (24) and Zn (25) are Ca(v)3.2 T-channel blockers. Ca(v)3.2 T-channels are the predominant T-channel isoform in dorsal root ganglion neurons (48) which contribute to peripheral sensitisation. Consequently, a T-type Ca channel blocker decreases neuropathic pain in rats (49) . A decrease in Ca concentrations alters excitability of neurons to enhance pain transmission in rats (17) . In view of cellular immunity, a decline in cellular immunity to VZV is crucial in the aetiology of HZ and PHN (1) . Vitamin C possesses a reversible concentration-dependent antiviral activity, and the continuous presence of ascorbic acid is needed to keep viruses suppressed (11) . Similarly, virus replication inhibited by Zn is concentration dependent and reversible in cell cultures (50) . In the past decade, immune cell activation by intracellular Ca signalling has been well known (51) . Hypocalcaemia is associated with decreased intracellular Ca stored in peripheral mononuclear cells, which leads to host immune suppression (13) . On the contrary, the effect of glycoprotein E of VZV on the formation of cell -cell contacts was Ca 2þ independent (52) . Under low Ca conditions, VZV glycoprotein E still functions well in promoting cell-cell contact which is a viral highway for the cell -cell spread of VZV (52) .
Thus, low Ca conditions can tip the balance between host immunity and viral pathogenicity adversely. Accordingly, PHN patients with lower plasma vitamin C, ionised Ca or serum Zn may have inadequate antiviral immunity. Therefore, ongoing viral replications in the dorsal root ganglion may render chronic VZV ganglionitis (1) susceptible to prolonged PHN by central neuroinflammation (53) .
Despite the careful design of the present study, some limitations do exist. First, although we had surveyed a total of nine nutrients in the plasma, there may be additional nutrient deficiencies which are associated with increased risks of PHN. In this context, it would be difficult, if not impossible, to survey all of the neuropathic pain/immunity-related nutrient factors by any study. Second, we included PHN patients based on clinical diagnosis, which is not a precise characterisation of the study population. It is possible that the distinct subsets of patients, e.g. patient heterogeneity, or patient selection would affect the data analysis. Third, the present study did not include a FFQ to measure dietary intakes. Thereby, we cannot determine the association between food intakes and plasma levels of the selected circulating nutrients in our PHN patients. A fourth limitation is that the patient numbers of the present study were small; thus large-scale investigations are required to confirm the present findings in the future. Additionally, the patient numbers of the study were too small to analyse the synergic effect between nutrients in logistic regression analyses.
In conclusion, the present study shows that a majority (92 %) of Taiwanese PHN patients have either mild/marginal or severe deficiencies in at least one of the nine selected circulating nutrients. Furthermore, the prevalence of either mild/marginal or severe deficiencies for any of the three suspected circulating nutrients (vitamin C, ionised Ca or Zn) in PHN patients was 90 %. Lower concentrations of vitamin C (# 45·0 mmol/l), ionised Ca (# 1·05 mmol/l) and Zn (#0·91 g/l) were found to increase independently the risk of PHN using binary variable (dichotomy) analyses with both PHN patients and controls in a multivariate logistic regression analysis. The present results demonstrate that lower concentrations of circulating nutrients, namely vitamin C, ionised Ca and Zn, are a risk factor in Taiwanese patients with PHN. However, there is a need to clarify whether there are significant geographical variations; thus investigations into other populations are required to confirm these findings.
